The rate of evaporalion from the skin (g/m 2 jh) was measured in 12 full-term and 16 preterm infants (gestational age 25-34 wk) both during incubator care and when nursed under a radiant heater. The method for evaporation rate measurement is noninvasive and based on determination of the water vapor pressure gradient close to the skin surface. Measurements were first made with the infant nursed in an incubator with a controlled environment with respect to humidity, temperature, and air velocity. The measurements in the term infants were performed at an ambient relative humidity (RR) of 50%, and in the preterm infants first at 50% and subsequently at 30-40%. Evaporation rate was then measured with the infant nursed under a radiant heater. In term infants, mean evaporation rate was 3.3 g/m 2 jh during incubator care (RH 50%) and 4.4 g/m 2 jh during care under the radiant heater. In preterm infants, the corresponding values were 15.5 g/m 2 jh in the incubator at RH 50%, 16.7 g/m 2 jh at RH 30-40%, and 17.9 g/m 2 j h under the radiant heater. It is concluded that the evaporative water loss from the skin depends on the ambient water vapor pressure, irrespective of whether the infant is nursed Radiant heaters are frequ ently used in the care of newb orn infants and are co nsidere d to be effec tive in rewarming infants exposed to cold stress after birth (1). One possible disad vantage of radiant heaters is that they may ca use de hy dra tion in the new born by incr easin g insensible water loss (2-8). Th e mechanism of such an increase is not understood and appro priate methods for measuring the effect of nonionizing radiat ion have been difficult to find.:
in an incubator or under a radiant heater. The higher rate of evaporation during care under a radiant heater is due to the lower ambient water vapor pressure and not to any direct effect of the nonionizing radiation on the skin. tPediatr Res 37: 233-238, 1995) Abbrev iations ER, evaporation rate PH zO , water vapor pressure RH, relative humidity HR , heart rate RR, respiratory rate RH a m b , ambient relative humidity PH ZO a m b , ambient water vapor pressure Tbody' rectal temperature T is c> interscapular skin temperature T 1e g , leg skin temperature T a m b , ambient temperature loss. Various explanation s for the high er insensibl e w ater loss observed have been proposed. Williams and Oh (2) and Bell and Oh (9) suggested that the vapor pressure of the ambient air may be lower und er the rad iant heater than in an inc ubator and could res ult in a high er vapor pressure gradient and a high er los s of water from the ski n and respirator y tract. B aum gar t et al. (7) fo und tha t in critica lly ill prete rm infants nursed under a rad iant heater there was a significant increase in insensible water loss as radi ant power density increased and suggested that small infants requi re more radiant power densit y to maintain bod y temperatur e and that they incur mu ch greater insensib le water loss when compared w ith larger, more mature infan ts. Ba umgart et al. (8, 10) also proposed that convective air curre nts und er a radiant heater co uld be the ca use of an increase in evaporation.
We have previou sly used the gradie nt method to st udy the ER from the sk in of term and pre te rm newborn infants unde r different environmental conditio ns (11) (12) (13) (14) (15) . Recently we have shown th at the measurem ent techniqu e used in our study is not significa ntly influenced by the radiation from the radiant heater at the energy output levels used in this study (16 and Rutter (17) applied the same technique to study the effect of radiant heat and claimed that radiant heat altered the resistance of the skin to water vapor diffusion, resulting in an increase in evaporative water loss.
In another study, the effect of phototherapy on the water loss from the skin was investigated by measuring the ER directly from a skin area exposed to phototherapy. We found no change in the ER during phototherapy in thermally stable term or preterm infants (18) .
Our aim was to determine the effect of radiant energy from an overhead radiant heater on the ER from the skin in newborn infants. Measurements of this rate were made directly from the skin area exposed to radiant heat.
METHODS

Subjects
The ER (glmzjh) was measured from the skin of 12 term and 16 preterm infants, all of whom had an appropriate birth weight for gestational age.
The term infants (group I; n = 12) were born after a mean gestation of 39 wk (range 37-41 wk), had a mean birth weight of 3.676 kg (range 3.200-4.040 kg), and were all apparently healthy. Their mean postnatal age at the start of the measurements was 7 h (range 4-11 h).
The preterm infants were divided into two groups (groups II 
Measurement Methods
ER was measured by a method based on determination of the PHzO gradient in the air layer close to the skin surface (Evaporimeter EP1, ServoMed AB, Stockholm, Sweden) (19) . The method is noninvasive and allows direct, quick, and repeated measurement of ER from the skin without causing discomfort to the infant or interferin g with nursing routines (11, 12, 19) . The probe is placed on the skin surface during 1-2 min for each ER measurement. The method was used earlier in studies of water loss from the skin of newborn infants (15 During the measurements the activity state of the infant was observed and graded according to an activity scale with levels of 0 to 5 (19) . Measurements were only made when the infant was asleep, or awake and calm with minor motor activity (levels 0 to 2).
Measurement Procedure
Incubator. The naked infant was nursed in the prone position in a single-walled incubator (AGA MK 241, AGA Medical, Lidingo, Sweden). The incubators were appropriately preheated. At least 30 min were allowed for the infant to settle down and for the ambient conditions in the incubator to stabilize before the measurement s were begun. ER from the skin was measured from an interscapular skin area, the chest, and a buttock. These measurements were repeated two to three times during a period of 30 min. Before each ER measurement , readings of RH amb , PHZO amb , HR, and RR were made. T body COC) was measured with a thermistor inserted about 5 em beyond the infant' s rectal sphincter. Skin temperatures were measured from the interscapular area (T isc ' Q C) and just below and medial to the knee (T 1eg , Q C). T amb COC), RH am b , and PHZO amb were measured in the center of the incubator, about 10 em above the infant. The system for servo control of skin temperature supplied with the incubator was used to regulate T a mb by suspending the controlling thermistor in the middle of the incubator above the infant. To keep T body as constant as possible within the range 36.5-37.0 QC, the set T am b was manually adjusted. The air supply to the incubator was 8-10 L/min and the air velocity 5 cm above the infant was less than 0.1 m/s. RH am b was continuously monitored and maintained at 50% for all infants during the first 30-min measurement period (period A) . For the preterm infants, RH am b in the incubator was then lowered to 30-40% by turning off the humidifier. The aim was to reach a humidity level close to that of the room air. Measurements of ER and environmental variables were then made two to three times during another 30-min period (period B).
Radiant heater. When the measurements in the incubator had been completed, the infant was placed in the prone position on an open bed under an overhead radiant heater (Ohio Medical Products) that had been preheated for at least 15 min. Thirty min or more were allowed for the infant to settle down and to become thermally stable in the environm ent. Three to five sets of measurements of ER and recording s of ambient conditions were made during a 60-min period (period C), using the methods describ ed above. The PHzO (kPa) and air temperature (0C) were measur ed 15 em behind the heater at the level of the infant but shaded from radiation. These environm ental conditi ons could not be adjusted. The air flow velocity 5 em above the infant was less than 0.1 mls during the measurements.
Acc ordin g to the manufacturer, the radiant heater has a peak wave length of 3.8-8 /1-m and a maximum output of approximately 850 W. To keep T body as constant as possible within the range 36.5-37.0°C, the heater was adj usted manually. Only minor adjustments were needed during the measurement period. The power requir ements of the heater were determin ed by inserting a watt meter betw een the radiant heater and the electric mains outlet, and the power consumption was betw een 330 and 660 W. At this level of power consumption, the method for measurement of the ER is not adversely affected (15) . Our finding indicate that no influence on the ER measurement occur at 627 W.
Treatment of Data
The mean ER in an infant was determined as the arithmetical mean of measurement s made from the interscapul ar region, the chest, and a buttock. Transepidermal water loss was determined according to the equation presented earlier (11) . Data were also obtained for T body , T ise , T 1eg , T am b , air temperatur e, RH am b , PHZO am b , HR, and RR. Statistical testing was done with two-tailed t test on paired observations and, when applicable, anaylsis of variance. The relationship between ER and PHZO am b was determin ed with the two-point formul a, using the ER value and PHZO am b recorded in the incub ator at 50% RH, and the zero ER valu e at the saturated PHzO at the temp erature in the incubator. Accordingly saturated PHzO in the air under the radiant heater at the temperature of room air were used for calculation of ER under the radiant heater when ER from the infants ' skin in the incubator and under the radiant heater were comp ared at equal PHZO amb .
RESULTS
Term infants (group I, n = 12, Table 1 ). When the infants were nursed in an incubator at RH a mb of 50% (period A), the mean ER from the skin was 3.2 ± 0.7 (SD) gl mzjh . When they were nursed under a radiant heater (period C), ER was 4.3 ± 0.6 (SD). The difference is statistically significant (p < 0.001).
The mean PHzO in the incubator air was 2.3 ± 0.1 (SD) kPa and in room air 0.7 ± 0.2 (SD).
Moderately preterm infants (group II, n = 8, Table 2 ).
When the moderately preterm infants were nursed in an incubator at RH am b of 50% (period A), mean ER was 7.8 ± 2.7 (SD) gl mzjh, and at the lower RH a mb (period B) it was 9.0 ± 3.1 (SD) gl mzjh (p < 0.001). Under the radiant heater (period C), mean ER was 8.8 ± 3.6 (SD) gl mzjh . The difference between the ER value obtained during care in the incubator at a low humidit y level and that obtained during care und er the radiant heater is not statistically significant. Mean PHzO in the incubator air was 2.7 ± 0.2 (SD) during period A and 1.5 ± 0.1 (SD) during period B. In the room air surrounding the infant during care under the radiant heater (period C), mean PHzO was 1.2 ± 0.3 (SD).
Very preterm infants (group III, n = 8, Table 3 ). When very preterm infants were nursed in an incubator at RH a m b of 50% (period A), mean ER was 23.1 ± 8.1 (SD) glmz/h, and durin g period B it was 24.5 ± 8.4 (SD) glm zjh. When they were nursed under the radiant heater (period C), mean ER was 26.8 ± 7.6 (SD) glmz/h. ER was sig nificantly higher during peri od C than during period A (p < 0.05). There was no significant difference in ER between periods Band C. Th e mean PHzO of the incubator air was 2.8 ± 0.3 (SD) kPa durin g period A and 1.9 ± 0.3 (SD) during period B. Mean PHzO was 1.3 ± 0.3 (SD) in the room air in which the infant s were nursed durin g measurem ents under the radiant heater (period C).
When the infants we re nursed in an incubator at RH 50%, the transepidermal water loss (glmZjh) , calculated from an equation describ ed previously (11), was 4.3 ± 0.6 (SD) in group I, 8.5 ± 2.5 (SD) in group II, and 22.6 ± 7.4 in group Ill.
Because the ambient air temperature and humidity could not be kept at the same level under the radiant heater as in the incubator, some calculations had to be made to permit a comp arison between the ER values obtained under the two conditions. An exampl e of one such calculation is given in Figure 1 . Using the measured values of ER and PHzO in the incubator (ER ine in Fig. 1 ) and the theoretical values of ER = a and the PHzO in the incubator at an RH am b of 100% at incubator temperature (d in Fig. 1 ), the highest possibl e ER is calculated (PHzO = 0) (e) from the linear regression line. If the factors influencing the rate of water transport across the skin are unaffected by the environmental conditions, this value will also be the highest possible ER value (f) for the infant under the radiant heater. The regression line for ER on PHzO at the air temperature measured under the radiant heater can then be obtained from this point (f) and the PHzO for RH = 100% (g).
The expected ER for the PHzO am b recorded under the radiant heater is then obtained from this regression line, and can be comp ared with the actual, measured ER.
In Figure 2 , the corresponding measured and calcul ated values for ER during care under the radiant heater are show n for three representative infants, one from each study group , together with the regres sion lines for ER on PHzO at the respective air temperatures of the incubator and the radiant heater. In Figure 3, Mean values and SO for ER (g/mz/h), ambient PHzO (kPa), air temperatures ( T amb/ai, ; 0C), recta l temperature ( T hody ; 0C), skin tempe ratures (Tise, T leg ; Q C), HR (beats/min), and RR (breaths/min). ANOYA, analysis of variance.
care under the radiant heater are compared with the expec ted ER derived from these calculations for each of the 28 infant s. In all but three infants, the measured ER values were lower than the expected, calculated ER.
In all three groups, the average measured ER under the radiant heater was sign ificantly lower than the expected ER.
The difference was 0.86 :±: 0.82 (mean ± SD; p < 0.01) in group I, 2.25 ± 1.66 (p < 0.01) in group II, and 2.91 ± 2.39 (p < 0.01) in group III .
DISCUSSION
Our main finding was that the water loss from the skin depends on the ambient vapor pressure when an infant is nursed in an incubator and when he or she is nursed under a radiant heater. This observation was made for term and preterm infants , and the lower ER from the skin of infants born at term comp ared with that from preterm infants is in accordance with earlier reports (13) . To exclud e the possibility that convective air currents may have influenced the water loss from the skin as describ ed by Baumgart et al. (10) , Okken et al. (21) , and Thompson et al. (22) , we tried to avoid drafts in the room where the measurements were made . In our stud y, the air velocity above the infant was less than 0.1 m/s at the time of the ER measurements both in the incubator and under the radian t heater, which makes comparisons of ER values obtained in these two environments appropriate. The air velocity close to the skin of the infant nursed under a radia nt heat er in an intensive care unit may be higher and might disturb the rate of diffusion and increase ER. In addition, the amount of heat supplied (convective/radiative) was carefully controlled to avo id subjecting the infant to thermal stress and to minimize the risk of "nonvisible " sweating. T bod y and T ise wer e at the same level in all measurement periods in each of the three groups of infants studi ed, but T 1eg was low er in group s I and II during care und er the radiant heater than in the incubator at RH of 50%.
Wheldon and Rutter (17) con sidered that the higher ER from the skin of moderately preterm infants duri ng care under a radiant heater compared with nursing in an incubator was not due to a difference in ambient humidity but to a change in the resistance of the skin itself to water vapor diffusion. However, in their study the water vapor conc entration under the radiant heater was onl y 83.6% of that in the incubator. Thu s, in the study by Wheldon and Rutt er (17) , the higher wa ter loss from the skin of preterm infants nursed under a radiant heater compared with that durin g nursing in an incubator could have been due to differenc es in vapor pres sure .
WheIdon and Rutt er (17) also found that infants had a significantly higher oxygen consumption (21%) wh en nursed under a radiant heater than when nursed in an incubator, but the respiratory water loss was the same in these two environments. The authors considered the higher oxygen consumption to be due to a higher level of activity of the infants under the radiant heater or to a more uneven distribution of skin temp eratur e. These infants were thus not in a very stab le cond ition regarding activity, but it is impossible to determine whether the described small cha nge in activity could have influenced the water loss from the skin. In term infants, incr ease d activity caus es an Wate r vapour pressure ( kPa ) increase in the ER from the skin (23) and leads to an increase in respiratory water loss and in ox ygen consumption (20) . This is the reason why, in our study, only measurements made when the infant was asleep or awake with minor motor activity were accepted . Because it is well do cu m ented from our previous stu dies that the evaporation of water from the skin depends on the enviro nm ental humidity (12, 13) , all comparisons should be made under equivalent conditions rega rding the PH 2 0 of the ambient air. When preterm infants were studied, the amb ient humidity in the incuba tor wa s lowered in an attempt to reach the PH 20 level that w as found in the air under th e radiant heater. The infants ha d a water loss from the skin of the sam e magnitude when nursed at a low ambient humidity in an incubator as s:
• GroupI when nursed under a radiant heater. As shown above, the ER measured from the skin of infants when nursed under the radiant heater was lower than that expected from the PHzO and the temperature of the air surrounding the radiant heater (Figs.  1-3 ). This implies that the higher ER found under the radiant heater is caused by the lower PHZO amb and not by any increase in the permeability or transporting capacit y of the skin caused by the nonioniz ing radiation emitted by the radiant heater. Our results support the view that the increase in insensible water loss found in earlier studies (2-7) during nursing under a radiant heater may have been due to a lower ambient humidity , as suggested by Williams and Oh (2) and Bell and Oh (9) . It cannot be excluded that factors such as convective air currents or increased motor activity, which were kept well under control in our study, could have contributed to the higher water losses found in some studies (2-6) during care under a radiant heater compared with those during care in an incubator.
The conclusions drawn from our findings have to be restricted to water loss from the skin. Additional studies are required to ascerta in that the respiratory water loss in therma lly stable infants is not higher during care under a radiant heater than during care in an incubator.
The ER from the skin of newborn infants in thermal balance depends on the PHZO amb , irrespective of whether the infant is nurse d in an incuba tor or under a radiant heater. Higher ER under radiant heaters are due to lower ambient humidities and not to any direct effect of nonionizing radiation on the infant's skin.
